Abstract. An experimental investigation is carried out on the failure mechanism of foam concrete with cold formed steel double C-Channels embedment. The foam concrete is made of cement and fly ash with a compressive strength between 9 and 24 MPa with different densities. Forty-eight tests have been carried out in four groups of specimens with various embedment depths of the steel in the concrete. Four modes of failure are observed, which include the independent failure of the C-Channels with and without a concrete block inside the channel as well as the combined failure of the two channels, and the failure of the extrusion block. A theoretical model has been developed to understand the failure process. The peak compressive force applied onto the C-Channels that causes failure is calculated. It is concluded that the failure involves independent slippage between two C-Channels, and the steel and the foam concrete blocks inside the C-Channels. A method to calculate the peak force is also developed based on the test results. The calculations also show that the shear strength of the foam concrete is about 8% of the compressive strength with  coefficient of 0.4 between the steel and concrete.
Introduction
The foam concrete also known as cellular lightweight concrete or reduced density concrete is made of cement and fly ash with a compressive strength between 9 and 24 MPa with different densities. With a minimum of 20% (per volume) foam entrained into the plastic mortar. The density of foam concrete usually varies from 400 kg/m³ to 1600 kg/m³ . The density is normally controlled by substituting fully or partially of the fine aggregate with foam. Foam concrete has been widely used for non-structural members in buildings, such as lightweight sound barriers, partition walls, as well as infill for masonry walls. it has good thermal insulation and fire resistance. Although foam concrete has been primarily used for non-structural members, there is an increasing trend for its use in structural support (Mohamad et al., 2014 Ikponmwosa et al., 2014) . Different way of strengthening foam concrete have been examined by various researchers. For instance, Wan Ibrahim et al. (2014) indicated that foam concrete is brittle and consequently carried out investigations to determine whether the addition of polyolefin fibres with a low volume fraction has any influence on the compressive and flexural strengths. They found that the properties of foam concrete are only marginally improved with the addition of polyolefin fibres. Nambiar and Ramamurthy (2008) studied the effects of the mixture composition on foam concrete and found that foam concrete is affected by the base mix consistency and the volume of the foam that is added into the other ingredients in the mixture. Mydin and Wang (2011) studied the properties of foamed concrete at higher temperatures and demonstrated through experimental work that temperatures higher than 90C cause loss of stiffness in foam concrete with the expansion and evaporation of water from its pores, which results in micro cracking. It was also found that the density does not make any difference after 90C. Lim et al. (2014) examined foam concrete with the addition of different amounts of sand and found that finer sand means a reduction in the quality of the foam concrete and 0.6 mm of sand optimizes the compressive and flexural properties. Yue and Bing (2015) used magnesia phosphate cement in lieu of Portland cement and produced lightweight foam concrete that has a strength of 1 to 2.8 MPa with a dry density that ranges from 210 to 380 kg/m 3 . However, when using steel embedment as a means of reinforcement to provide tensile, bending and compression resistance, the mechanical characteristics is found to be greatly improved (Heath, 2014) , Warren G. E. (1969) Therefore, in this paper, the compressive load on an embedded double C-Channel has been experimentally studied and theoretically analysed. The objective of the work is to understand the bond-slip characteristics between steel and foam concrete. The failure mechanism of the steel-foam concrete is also investigated.
Experimental Research on the Failure Mechanism of Foam Concrete with C-Channel Embedment
In studying the bond-slip characteristics between steel and foam concrete, Ramezani et al. (2013) carried out pullout testing of galvanized steel strips in foam concrete. The bond-stress versus slip displacement showed a typical hardening and softening behaviours. In order to improve the anchorage of the steel strips, holes were punched into the steel. The pull-out resistance was found to be directly proportional to the area of the holes which represents more bonding between the steel and the concrete. However, their analysis showed that the steel strip experiences non-uniform straining which results in a larger displacement at the peak force when the bonding increases (by increasing the diameter and circumference of the holes). Mohamad et al. (2014) performed laboratory tests on a precast lightweight foam concrete sandwich panel with double shear truss connectors as the structural member. The panel was simply supported and subjected to flexure bending. Only concrete density of 1800 kg/m 3 was taken into consideration. They observed that shear cracks develop in the foam concrete from the bottom of the panel.
Flores-Johnson and Li (2012) conducted experiments on plain and fibre reinforced foam concrete with corrugated steel panels. For a foam concrete density of 1200 kg/m 3 , the uniaxial compressive strength of the concrete was measured to be about 5 MPa with a uniaxial compression elastic modulus of about 1 GPa. The fibre reinforced foam concrete had almost twice the uniaxial compressive strength, but a slight increase in the elastic modulus by about 20%. A typical stress-strain plot showed a peak compression followed by a rapid decrease in the resistance to a residual value. The residual value refers to the resistance of the material after reaching the peak value. The residual value was zero in some cases. Ikponmwosa et al. (2014) conducted flexure tests on steel reinforced foam concrete. They found that the shear strength developed in the beam lies between 13% and 20% of the compressive strength of the foam concrete. However, Thakrele (2014) reported that the shear strength lies between 6% and 10% of the compressive strength of foam concrete. The compressive strength varied from 8 to 13 MPa for a foam concrete density range of approximately 1700 to 1900 kg/m 3 . Hilal et al. (2015) studied the enhancement of the properties of foam concrete with silica fume and fly ash additives. When the density of the concrete varied from 1300 to 1900 kg/m 3 , the compressive strength varied from 1.5 to over 5 MPa. Of course, the strength, both shear and compression depends on the density and composition of the foam concrete. Tan et al. (2015) experimentally explored the compressive strength of foam concrete with densities of 1500  50 kg/m 3 and used sand as the filler. They found that the compressive strength of foam concrete ranges from 6.5 to 9.4 MPa, and when the steel strips have holes, there is better pull out strength with the highest strength of 1.03 MPa.
From above literature review, though some research on the experimental tests of foam concrete have been conducted, little research for foam concrete with steel embedment has been made in the past, therefore the research on the foam concrete using steel embedment's was carried by the authors and the results is shown in this paper.
In the research presented in this paper, the density of the foam concrete varies from 800 to 1600 kg/m 3 which provide a good range of compressive and shear strengths. Laboratory tests have been carried out on foam concrete with C-Channel steel to study the bonding and interface characteristics of steel and concrete. All the tests are carried out in compression.
Test set up
A series of experiments were carried out in Jilin Jianzhu University to determine the failure mechanism of cold formed steel C-Channels embedded foam concrete. The dimensions of the concrete specimen and the C-Channels are shown in Figure 1A . As it shown in Figure 1B , vertical compressive forces are applied onto the C-Channels. The foam concrete specimen is supported at its base. The thickness of channels is 3 mm, with a length and width of 120 x 50 mm respectively. The embedment depth of the CChannel in the foam concrete varied, depending on the size of the foam concrete block. The concrete block has a rectangular cross section of 440 x 360 mm and the embedment depth varies from 100 to 400 mm. In order to study the stress transfer from the channel to the foam concrete, four groups of specimens were tested. Groups A, B, C, and D have a specimen depth of 100, 200, 300 and 400 mm respectively (see Figure 2) . Four different densities were studied in each group. The specimens had a density of 800, 1000, 1200 and 1600 kg/m 3 respectively. As it shown in Table 1 , for each density of the foam concrete, three tests were carried out; to ensure the reproducibility of the results. Increases in density result in high compressive and shear strength as well as an increase in the modulus of the material. 
Test arrangement
The reinforcement used in the foam concrete blocks are 6 mm diameter rebars with two to five stirrups, see Figure 2 . The stirrups have a 20-mm concrete cover. The stirrups provide lateral support and confinement of the foam concrete blocks when they are subjected to vertical shear through the steel channels, thus minimizing the splitting failure of the concrete blocks. As it shown in Figure 1 (c), the vertical compressive forces were loaded directly on the steel channels. In order to investigate longitudinal shear stress and slips between the steel channels and foam concrete, an extrusion void space was created at the bottom of the specimen by using polystyrene when the concrete was poured, see Figure 2 and 3. The extrusion space at the bottom of the specimen is 280 x 180 x 10 mm in size, thus allowing a maximum of 10 mm for the vertical displacement of the steel channel. A panel saw was used to cut the wood for the template which formed the mould for the foam concrete assembly, and double sided adhesive tape was used to hold tailored extrusion plates onto the bottom of the mould. Since the foam concrete has a low density, there is a good possibility that the foam bubbles could easily burst and evaporation would take place, thus resulting in higher volume shrinkage during curing. Therefore, the depth of the mould was slightly greater than the height specified in the design of the concrete specimen used for testing. The coupon test for the C channels and foam concrete cubes were also conducted in the same time to monitoring the strength of the C channels and foam concretes. 
Test Specimen

Mix design of foam concrete
The foam concrete was casted with cement, sand, fly ash and foam. Cement and fly ash were mixed by using a highspeed electric mixer. Foam was added to the cement, and fly ash was added into the cement during the casting procedure. The slurry was poured into a steel mould with the reinforcing bars, stirrups, and C-Channels in place. All the samples have a fly ash/cement ratio of 25% and a water/cement ratio of 0.5. The water cement ratio was kept constant during the testing to provide a consistent strength of the foam concrete. However, the strength will change because of the density which is controlled by changing the volume of the foam. The composition of the materials in the foam concrete specimens is shown in Table 2 . The foam concrete was initially cured in water for 24 hours and subsequently air cured in the mould for 7 days. After 7 days, the specimens were removed from the mould and cured for 28 days before testing. A plastic enclosure was used to surround the groups of concrete specimens to keep the foam concrete from drying, thus reducing the possibility of shrinkage cracks.
C-Channels
The C-Channels are thin-walled C type cold formed steel with grade Q235. The C120 has a cross-sectional size of 120x 50x20 with a thickness of 3 mm. Vertical round bars with a diameter of 6 mm and made of Q235 grade steel were used for the transverse reinforcement. The CChannels were prefabricated in factory and cold formed, and then manually cut and polished. The test specimens were made of steel with double sections; therefore, in the final stages of preparing the specimens, grinding was carried out to align the two channels to ensure that there was even loading on the flat and smooth contact surfaces on both channels. The round bars were modified, and cut, bent, bound and spot welded for the horizontal and vertical reinforcements.
Testing procedures
Prior to the testing, the C-Channels and foam concrete were visually examined for any obvious defects. To determine the mechanical characteristics of the C-Channel steel, specimens of the C-Channel steel and round re-bars were tested by following the current Chinese national standards found in GB6397-86, 'Metal Tensile Test Specimens' (National Standard of the People's Republic of China, 1986) . The yield stress, ultimate tensile strength, elastic modulus, and Poisson's ratio are shown in Table 3 . The yield stress of the cold formed steel is about 330 MPa with an ultimate tensile strength of 488 MPa. The elastic modulus is around 208 GPa with a Poisson's ratio of 0.26. The round re-bars have slightly lower mechanical parameters. Testing was carried out at the Jilin Jianzhu University in Changchun, China, by using a YAW-2000kN hydraulic compression testing machine (as it shown in Figure 1 c) . This hydraulic compression testing machine can be programmed by using a micro-control system which controls the load increment and records load-displacement measurements at the required intervals. The system can also detect the peak load and switch to a displacement control state to measure the post peak softening response. Since the strength of the foam concrete varied, depending on its density, load increments of 5, 10, 15 and 20kN were used on the specimens in Groups A, B, C, and D respectively. The rate of the application of the load was 0.2 kN/s until it reached the peak force. When the sample was loaded under displacement control, the loading rate was 0.01mm/s. The properties of the foam concrete of different densities are shown in Table 4 .
Foam concrete blocks with a C-Channel were tested under compression. Each test was repeated three times to account for small variations in the test results. The average value of each test is reported as follows. 
Tests Results
Group A specimens have the smallest depth of 100 mm and therefore the least amount of surface area in the concrete bonding with the steel. The vertical force versus vertical displacement plots are shown in Figure 3A . With different densities, the maximum measured vertical forces are 31, 35, 41, and 53 kN for foam concrete densities of 800, 1000, 1200 and 1600 kg/m 3 respectively. All the specimens show a peak force followed by a steady decline of the vertical force to a residual value that varies from 12 to 23 kN.
The residual values are reached at a vertical displacement between 3 to 4 mm. The tests were terminated at 6 mm. It was observed that all the specimens reach the peak stress at a vertical displacement of about 0.7 mm, regardless of the density of the foam concrete.
Similar test results were obtained for the specimens in Groups B, C, and D as shown in Figures 3B, 3C, and 3D respectively. It is noted that the specimens in Groups B, C, and D have concrete embedment depths of 200, 300 and 400 mm respectively.
The results show remarkable similarity with the peak force measured at a vertical displacement of approximately 0.7 mm. In all cases, there is a steady decline from the peak to residual force and the residual force is reached at a displacement between 3 and 4 mm. Of course, the peak and residual forces increase with higher density and increased specimen thickness. 
Tests Results with Different Densities
The vertical force-displacement plots for the different specimen groups and densities are provided in Figure 3 for densities of 800, 1000, 1200, and 1600 kg/m 3 respectively. It can be seen in the figure that the peak vertical force increases when the depth of the specimen increases.
However, the peak vertical displacements are approximately the same at a value of 0.7 mm. The graphs are remarkably similar for density variations of800 to 1600 kg/m 3 . This suggests a very similar failure mechanism in all these cases except for the increase in the strength of the foam concrete.
Force and Displacement Behaviour
After statistically analysis of the data, the information was then plotted onto a curve (see Figure 4) . The C-Channel remained elastic and its surface was smooth. Therefore, it can be concluded in this work that there is no interlocking mechanism between the cold formed steel and foam concrete. Thus, the different bonding forces found during the loading process of the samples show that the curve can be analytically interpreted as follows: 1. Area of vertical increase (OA segment). During the early periods of load testing, before the vertical force reached about 30% of the peak force, the amount of displacement of the end load did not show any significant changes. There were only slight changes in the pressure generated by the C-Channels during compression. During this process, the applied load was supported by the chemical bonding force. Both types of materials worked well with each other. 2. Area of linear increase (AB segment). The chemical bonds began to break down during this stage, and a relative amount of slippage started between the CChannels and foam concrete. In the process, the chemical bonding was still adequately strong enough, which meant that the adhesion resistance countered the imposed loading caused by the generated frictional resistance. As well, an increasing linear relationship can be observed. 3. Upward slope of curve (BC segment). Even though the chemical bonding is similar to that found in the AB segment after the loading reached about 60%-70% of the peak force, the chemical bonding force did almost not exist and the frictional resistance increased nearly to the limit. Thus, the magnitude of the displacement is substantially increased accompanied with faint sounds of splitting.
Area of decline (CD segment). There was no chemical
bonding when the load reached the peak force. Only the remaining frictional resistance bore the load. At that time, the strain of the C Channels was substantially reduced and the normal pressure on the foam concrete was reduced, thus leading to a reduction in the frictional resistance. The splitting sound continued, and each specimen exhibited the greatest difference in the area of decline. The local linear line, curve, and broken lines have a descending trend.
Horizontal section (DE segment). After the vertical force
was reduced to about 50%-60% of the peak force, the sound of splitting stopped, and the frictional resistance no longer decreased. Thus, the residual force stabilized.
Variation of Peak Forces
To examine the effect of density and specimen thickness on the measured peak force, the peak force versus concrete density was plotted for the different groups, see Figure 5 . It can be seen that as the density of the foam concrete increases, the peak forces also increase. However, the curves for the different groups of specimens, A, B, C, and D are more or less parallel to each other when the densities increase from 1000 to 1600 kg/m 3 . The lines of the lower densities, 800 to 1000 kg/m 3 , have different slopes than those of the higher densities and the slopes change to become steeper when the specimen thickness is increased from 100 to 400 mm. Figure 6 shows the changes in the peak vertical force versus the different groups of specimens (or different concrete thicknesses). It is obvious that as the specimen thickness increased, the peak vertical force also increases. However, the increase in vertical force is much greater for higher strength concrete than lower strength concrete, which could be due to the changes in the mechanism of failure. When the strength of the concrete is increased, the shear stresses can be transferred to a larger volume of material which leads to an additional increase in shearing resistance. 
Modes of Failure
The observed failure modes for the Group A specimens are shown in Figure 7 . Figure 7shows the top and bottom views of the specimens after failure and the changes in the failure pattern for foam concrete densities from 800 to 1600 kg/m 3 . It can be seen from the bottom view of the specimens that the failure mode for a lower density of concrete of 800 kg/m 3 is shearing along the interface between the steel channel and the concrete. There is minimum failure away from the channel perimeter. As the density of the concrete increases, which means that as the strength of the concrete is increased, more extensive failure is observed away from the C-Channel. Ironically, higher shear strength of concrete results in more extensive failure. This is due to the ability of the material to transfer the shear stress away from the C-Channel. The failure modes for specimens in Groups B, C, and D during testing were similar. The top surface and sides remained intact. Only minor cracks appeared on the bottom surface. Specimens with greater depths of concrete thickness had lower degrees of cracking. From the "core area" A (the core is defined as the material confined inside each C-Channel in the specimen, and the core area is the bottom area of the core) on the bottom surface of the specimens, the failure modes appeared to be similar to those of Group A, but when a hammer was used to crack the specimens, it was found that there are fundamental differences in the specimens in Group A. These include slippage of a thin layer of the foam concrete because the relative concentration of the stress at the bottom had led to splitting, while the inside of the foam concrete remained intact. Shear(bond) failure therefore takes place in these specimens. The failure modes of the specimens are shown in Figure 8 . It is seen from the actual failure mode observed in the experiment that failure is confined to the centre "core" region enclosed by the C-Channels. This is called Mode 1A failure. The damage in the specimens in Group A are worth noting: shear(bond) failure took place in the initial stages of loading. However, when the load was between 70% and 80% of the maximum load, splitting failure occurred in the core areas of the foam concrete and the sound of splitting could be heard. Afterwards, the splitting sounds continued, but stopped upon reaching the section with the residual bond stress. When the loading was completed, it was observed that the foam concrete samples were intact and had not split, see Figure 7for the specific failure modes of the samples in Group A. Figure 9 summarized the modes of failure. Four modes of failure can be identified.
1. Mode of failure 1 and 1A
Bond failure at the interface between the steel and foam concrete around the perimeter of the C-Channel, that is, both the inside and outside perimeters. The failure involves the core material inside the C-Channel. Mode 1A involves failure at the interface between the steel and foam concrete on the outside perimeter, but not on the inside perimeter of the C-Channel. In developing a mechanism of failure in Mode 1A, failure occurs in the foam concrete between the steel flanges. Previous studies have found that the failure of brittle concrete is mainly attributed to the splitting of the whole concrete (Min et al. 2014 , Bažant and Cedolin 2003 , Stratford and Burgoyne 2003 , but rarely in cases where the core area is split as found from the failure modes of the specimens in this study. The reasons could be as follows: The C section steel has greater lateral restraint, which influences the stress state of the concrete in the core areas, due to the characteristics of the cross section and lack of thickness of the cold formed thin walled C section steel samples. On the other hand, foam concrete has lower strength because it does not contain coarse aggregates, and therefore it has lower shear strength than ordinary concrete. Consequently, when there is sufficient lateral restraint, the foam concrete that is outside the core area will not incur severe damage.
The embedment length of the specimens in Group A was shorter in comparison to those in Groups B, C, and D. Therefore, the inferred embedment length is too short, thus leading to failure due to splitting in the core areas of the foam concrete. In comparing against the density of the specimens in Group A, it was found that splitting occurs in the core areas of the samples with a density of 800 and 1000 kg/m 3 . However, it was also found that splitting occurs in the core areas of the specimens with a density of 1200 and 1600 kg/m 3 in both Groups A and B. Therefore, it can be inferred that as the strength of the foam concrete increases, the brittleness also increases, in that the cracking damage on the bottom surface is more pronounced.
Calculation of Peak force for Different Modes of Failure
The method to calculate the peak force for all 4 modes is developed here, it was assumed that the mobilized shear stress was uniformly distributed along the failure surfaces.
Peak Force Calculation
The peak force for Mode 1 can be calculated from:
where P is the peak vertical force; is the steelconcrete interface coefficient;  the shear strength of the foam concrete; Ac is the circumferential area of contact between the steel and concrete; and d is the depth of the steel C-Channel in the concrete block. The peak force for each channel is multiplied by 2 for two channels.
For Mode 1, Ac is calculated based on two sides, the inside and outside surface areas of the C-Channel. If = 1, failure is assumed to occur in the concrete. For Mode 1A, Ac can be determined based on the outside perimeter of the C-Channel and the concrete between the steel flanges, see Figure 9 . For Modes 2 and 3, Ac is based on the perimeter of the failure block between the C-Channels or the extrusion block respectively.
The maximum vertical force can be calculated for different modes of failure based on the shear strength of the foam concrete to be about 8% of the compressive strength as shown in Table 4 . The ratio is based on information provided by the Pan Pacific Management Resources Pty. Ltd. (2015) . Also based on previous work on the slippage between steel and foam concrete, an value was used in the calculation, see Ikponmwosa et al. (2014) . The results are shown in Table 5 . In table 5, the coefficient α is determined through the longitudinal shear failure between the steel-concrete interface, if α= 1, the failure is assumed to occur in the concrete, the value of α in other failure mode can be therefore worked out correspondently the measured peak forces are shown in Table 6 . For a comparison between the calculated and measured peak forces, their values are plotted in Figure10. Figure10 shows the comparisons between the measured and calculated peak vertical forces. The legend of Figure  10 identifies different modes of failure in the calculation. In the legend, A-1AC denotes that the calculation is based on Mode 1A (A-1AC), assuming failure through the concrete (A-1AC) for Group A (A-1AC) specimens, and A-1AS denotes the same except that failure occurs at the steel and concrete interface. In other words, the strength of the concrete is used in the calculation of the peak force for the failure in Mode 1 in A-1AC and the interface strength is used in the calculation of the peak force for the failure in Mode 1 in A-1AS. The test result from Figure  10 shows that, a stronger bonding between the concrete and the steel C channel embedment was observed compare to the theoretical calculation, the reason behind that is, when the crack is developed in the foam concrete, the anchorage force between the two interfaces are increased in a certain extent due to the dowel action between the concrete and the embedment. Therefore, higher bond values are observed from the tests. A line which shows the equal values of the calculated and observed data is drawn on each graph for comparison purposes. Point on or close to the lines represent a good match between the calculated and observed data. It is obvious that the calculations of Modes 2 and 3 have overpredicted the peak vertical forces since they assume a much larger failure zone than observed. It is seen that Mode 1A provides the best agreement between the measured and calculated peak vertical forces. This is consistent with the experimental observations of the failure mode in which failure is confined close to the CChannel. The coefficient in this case has a value of 0.4 based on a calibration of the test results, thus indicating weak bonding between the concrete and the steel. This coefficient was determined based on the measurement of the applied loads in this case. Although the coefficient was calibrated against the experimental results, only one coefficient was used for all the analyses which justify the use of Equation (1) and the assumed mode of failure. The mode of failure in this case involves the foam concrete inside the C-Channel becoming part of the channel during failure.
Result Discussion
The failure of the cold formed steel C-Channel sand foam concrete shows a longitudinal shear failure mode that involves slipping between the interface of the steel and concrete as well as through the foam concrete. The foam concrete inside the C-Channels forms part of the failure mass under the maximum stress. For low density foam concrete, which means lower shear strength, the failure involves a narrow region close to the steel. When the strength of the concrete is increase, shear failure propagation results in a larger shearing region in the foam concrete. This however did not result in a much larger failure zone that involved both channels failing as an entity. This is observed in both the experiments as well as the theoretical analysis.
An interesting experimental observation is that the vertical displacement at the peak force was measured to be approximately 0.7 mm and independent of the strength of the foam concrete and specimen thickness. This means that the slipping along the steel-concrete interface is uniform due to the much higher stiffness of the steel channel as opposed to that of the foam concrete. If the steel channel compresses non-uniformly or progressively when the vertical force is increased due to shear development along the channel, the displacement at the peak force will increase when the depth of the specimen increases. This is evident in the results reported by Ramezani et al. (2013) who show an increase in the peak force displacement when the bonding between the steel and concrete increases. Although the tests carried out in Ramezani et al. (2013) were conducted in tension, the mechanism on the effect of the peak-force displacement is the same. In addition, if the bond-slip displacement increases with increases in the strength of the foam concrete, the displacement at the peak force will also increase when the strength of the concrete is increased. This is another confirmation of the Mode 1A failure mode since concrete stiffness and strength increase with increases in density but the stiffness of the interface resistance will not increase.
It is observed that the measured maximum vertical force shows a linear relationship with the thickness of the specimens in Groups A to D. However, as the density of the foam concrete increases, the specimen thickness has more effects on the measured peak force. That is, the constant density lines are not parallel to each other. On the other hand, the measured maximum vertical force is found to have a bi-linear relationship with the density of the concrete. The slight change in the slope of the line is an indication of the increase in the failure region around the steel channel with increased density.
The proposed model provides a framework for analysing the shear bonding strength of foam concrete with cold-formed steel C-Channels. It is obvious that the maximum shear bonding strength not only depends on the density of the foam concrete, but also on the loading rate, confinement, and the amounts of stirrups. The proposed framework is applicable to the configuration tested in this work.
Conclusions
Based on the experimental tests and theoretical analysis, the following conclusions can be made:
• The failure mechanism of the double C-Channels involves shear failure at the interface between the steel and concrete and shearing portion of the concrete inside the channels.
• Based on the measured strength of the foam concrete, the failure mode that mostly matches the measured peak forces is Mode1A on the failure at the steel-concrete interface and through the concrete. This also agrees with the experimental findings based on observations of the bottom of the specimens.
• It is also found that the force-displacement shows a peak value followed by a gradual decline to a residual force. The peak force is dependent on the strength of the foam concrete as well as the thickness of the specimens. The displacement at the peak force is independent of the density/strength of the concrete and the specimen thickness. This is further confirmation of Mode 1A failure mode. The peak load is bi-linearly related to the density of the foam concrete and linearly related to the thickness of the specimen.
• End slip is uniformly mobilized along the CChannels which is evidenced by a peak vertical displacement independent of the strength of the foam concrete and embedment depth of the steel.
